Diabetes is a common chronic disease that causes widespread disability and death, with a global prevalence of 2.8% in 2000 and an estimated prevalence of 4.4% in 2030 ([@B1]). In the U.S., the national burden of diabetes was estimated to be \$245 billion in 2012 ([@B2]). The epidemiology, pathogenesis, prevention, and treatment of diabetes have been well established over the past 2 centuries ([@B3]).

Diabetes is an independent determinant of increased risk of perioperative complications and mortality in cardiovascular surgeries ([@B4],[@B5]), yet how extensively diabetes affects postoperative mortality and complications in noncardiac surgeries has not been determined. Some studies indicated that survival outcomes and perioperative complications in noncardiac surgeries do not differ between patients with and without diabetes ([@B6],[@B7]), whereas other research showed conflicting data about whether diabetes increased perioperative complications, mortality, hospital stay, and health care expenditures ([@B8]--[@B16]).

Previous studies were limited by several factors, including a focus on a single type of noncardiac surgery ([@B6],[@B8],[@B10],[@B12],[@B14]), small sample size ([@B6],[@B7],[@B9],[@B13]), inappropriate selection of nondiabetes control subjects ([@B6]--[@B16]), inadequate adjustment for potential confounders ([@B7],[@B9]--[@B12],[@B15]), and reporting of a single outcome after surgery ([@B10],[@B16]). It remains unclear whether coexisting medical conditions, types of diabetes, glycemic control, and diabetes-related comorbidities affect postoperative outcomes in patients with diabetes.

This study used Taiwan National Health Insurance Program reimbursement claims to investigate postoperative complications, 30-day mortality, length of hospital stay, and medical expenditures after adjustment by propensity score-matched pair method in patients with diabetes undergoing noncardiac surgeries. We also investigated the impact of coexisting medical conditions and diabetes-related comorbidities on postoperative 30-day mortality among patients with diabetes.

RESEARCH DESIGN AND METHODS {#s1}
===========================

Data sources {#s2}
------------

Research data were obtained from reimbursement claims of the Taiwan National Health Insurance Program, which was implemented in March 1995 and covers \>99% of the 22.6 million Taiwan residents. The National Health Research Institutes established the National Health Insurance Research Database that records all beneficiaries' medical services, including inpatient and outpatient demographics, primary and secondary diagnoses, procedures, prescriptions, and medical expenditures, for public research interest. The validity of this database has been favorably evaluated, and research articles based on it have been accepted in prominent scientific journals worldwide ([@B8],[@B17]--[@B20]).

Ethical approval {#s3}
----------------

Insurance reimbursement claims from the National Health Insurance Research Database are available for public access. To protect personal privacy, the electronic database with patient identifications was decoded and scrambled for further research access. Although informed consent was not required because of this privacy protection, the study was evaluated and approved by the National Health Research Institutes ([@B8],[@B17]--[@B20]).

Study population {#s4}
----------------

We examined medical claims and identified 14,855 patients ≥20 years of age with preoperative diabetes from 1,499,745 patients who underwent major inpatient noncardiac surgeries between 2008 and 2010 in Taiwan. These surgeries required general, epidural, or spinal anesthesia and hospitalization for \>1 day. Previous studies ([@B8],[@B17],[@B19],[@B20]) considered patients with diabetes as those who had made two visits for outpatient care for diabetes. To identify patients with diabetes more strictly and avoid those with minor or borderline diabetes, the present study required at least one hospital admission (attributable to diabetes or related complications) and one visit for outpatient medical services for a principal diagnosis of diabetes within the 24-month preoperative period. We matched each surgical patient with diabetes with a randomly selected surgical patient without diabetes by sex, age, type of noncardiac surgery, type of anesthesia, coexisting medical conditions, operation in teaching hospital or not, and low income or not and conducted the analysis with a propensity score-matched pair procedure.

Measures and definition {#s5}
-----------------------

We identified income status by defining low-income patients as those qualifying for waived medical copayment because this status is verified by the Taiwan Bureau of National Health Insurance. Also recorded were whether the surgery was performed in a teaching hospital and the types of noncardiac surgery and anesthesia. We used the ICD-9-CM to define preoperative medical diseases and postoperative complications. Preoperative diabetes (code 250) was defined as the major exposure. Coexisting medical conditions were determined from medical claims for the 24-month preoperative period and included hypertension (codes 401--405), mental disorders (290--319), ischemic heart disease (410--414), chronic obstructive pulmonary disease (COPD) (490--496), stroke (430--438), hyperlipidemia (272.0, 272.1, and 272.2), liver cirrhosis (571), or renal dialysis. In-hospital 30-day mortality after the index surgery was considered the study's primary outcome. Six major surgical postoperative complications were analyzed as secondary outcomes, including septicemia (codes 038 and 998.5), pneumonia (480--486), stroke (430--438), acute renal failure (584), deep wound infection (958.3), and acute myocardial infarction (410) after the index surgery ([@B21],[@B22]). To investigate the impact of uncontrolled or poorly controlled diabetes on 30-day postoperative mortality, we identified patients with uncontrolled diabetes according to ICD-9-CM definitions (codes 250.02, 250.03, 250.12, 250.13, 250.22, 250.23, 250.32, 250.33, 250.42, 250.43, 250.52, 250.53, 250.62, 250.63, 250.72, 250.73, 250.82, 250.83, 250.92, and 250.93). Also considered as potential diabetes-related contributors to 30-day postoperative mortality were type 1 or type 2 diabetes and diabetes-related comorbidities, including ketoacidosis (code 250.1), coma (250.2 and 250.3), renal manifestations (250.4), eye involvement (250.5), and peripheral circulatory disorders (250.7). Prolonged length of hospital stay and stay in the intensive care unit (ICU); in-hospital medical expenditures, including claims for prescription/medications, physician fees, ward fees, laboratory examinations, and radiologic images; medical treatments; surgical procedures; and postoperative care were also considered secondary outcomes. These outcomes were compared between patients with and without preoperative diabetes.

Statistical analysis {#s6}
--------------------

To reduce confounding errors ([@B23]--[@B29]), we used a propensity score-matched pair procedure to adjust for sex, age, types of surgery and anesthesia, operation in a teaching hospital or not, low-income status, and coexisting medical conditions between surgical patients with and without diabetes. Adjusted odds ratios (ORs) with 95% CIs for 30-day postoperative complications and mortality between patients with and without diabetes were analyzed with multivariate logistic regression by controlling for sex, age, low-income status, operation in a teaching hospital or not, preoperative coexisting medical conditions, and types of surgery and anesthesia. To assess the impact of diabetes severity on 30-day postoperative mortality, multivariate logistic regression was used to control for potential confounders, including ketoacidosis, coma, renal manifestations, eye involvement, peripheral circulatory disorders, type 1 and type 2 diabetes, and uncontrolled diabetes. The multivariate logistic regression analyses were also applied to investigate 30-day postoperative mortality associated with coexisting hypertension, mental disorders, ischemic heart disease, COPD, stroke, hyperlipidemia, liver cirrhosis, and renal dialysis. SAS version 9.1 (SAS Institute Inc., Cary, NC) statistical software was used for data analyses; two-sided *P* \< 0.05 indicated significant differences between groups.

RESULTS {#s7}
=======

[Table 1](#T1){ref-type="table"} shows the demographic characteristics of patients with and without diabetes who underwent noncardiac surgery. After propensity score matching, the absolute difference between surgical patients with and without diabetes was insignificant. Compared with nondiabetic control patients ([Table 2](#T2){ref-type="table"}), patients with diabetes showed higher risks of postoperative complications, including septicemia (OR 2.76 \[95% CI 2.50--3.04\]), pneumonia (1.88 \[1.65--2.14\]), stroke (1.70 \[1.49--1.94\]), acute renal failure (3.59 \[2.88--4.48\]), deep wound infection (1.33 \[1.04--1.70\]), acute myocardial infarction (3.65 \[2.43--5.49\]), and overall complications (2.42 \[2.26--2.60\]). Preoperative diabetes was associated with a significant increase in 30-day postoperative mortality (1.84 \[1.46--2.32\]). Prolonged length of hospital stay, stay in the ICU, and increased medical expenditures were all significantly associated with preoperative diabetes, with ORs of 2.30 (2.16--2.44), 1.67 (1.59--1.76), and 1.32 (1.25--1.40), respectively. Compared with surgical patients without diabetes, patients with diabetes were more likely to have significantly higher postoperative mortality with type 1 diabetes (1.99 \[1.24--3.21\]) and diabetes-related comorbidities, such as eye involvement (2.11 \[1.58--2.80\]), peripheral circulatory disorders (2.13 \[1.51--3.02\]), ketoacidosis (2.21 \[1.27--3.84\]), renal manifestations (2.46 \[1.89--3.21\]), and coma (2.81 \[1.86--4.22\]) ([Table 3](#T3){ref-type="table"}). Patients with uncontrolled diabetes faced a higher risk of postoperative mortality than did those without diabetes (2.18 \[1.71--2.79\]).

###### 

Characteristics of patients with and without diabetes undergoing noncardiac surgery
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Risk of postoperative complications associated with diabetes in the multiple logistic regression models\*
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###### 

Preoperative diabetes-related comorbidities in association with 30-day postoperative mortality in the multiple logistic regression models\*
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[Table 4](#T4){ref-type="table"} shows the impact of coexisting medical conditions on 30-day postoperative mortality in patients with diabetes. Renal dialysis (OR 5.17 \[95% CI 3.68--7.28\]), liver cirrhosis (3.59 \[2.19--5.88\]), stroke (2.87 \[1.95--4.22\]), mental disorders (2.35 \[1.71--3.24\]), ischemic heart disease (2.08 \[1.45--2.99\]), COPD (1.96 \[1.29--2.97\]), and hyperlipidemia (1.94 \[1.01--3.76\]) increase the risk of postoperative mortality for patients with diabetes compared with control patients. Patients with diabetes and more than two coexisting medical conditions were more likely to have higher postoperative mortality than those without diabetes (2.55 \[1.94--3.33\]).

###### 

The joint effects of coexisting medical conditions on 30-day postoperative mortality in patients with diabetes\*
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CONCLUSIONS {#s8}
===========

To our knowledge this is the first nationwide, population-based, propensity score-matched study to demonstrate that diabetes increases postoperative complications, particularly for acute myocardial infarction and renal failure, in patients with diabetes undergoing noncardiac surgeries. Diabetes also increased length of hospital stay, medical expenditures, and 30-day postoperative mortality. Patients with diabetes and related comorbidities, type 1 diabetes, uncontrolled diabetes, and coexisting medical conditions were all more vulnerable to 30-day postoperative mortality than were control patients without diabetes.

Most previous studies adjusted for age, sex, socioeconomic covariates, and hospital characteristics but did not consider the factors of preoperative diabetes-related comorbidities associated with postoperative mortality ([@B9]--[@B12]). Coexisting medical conditions, such as mental disorder, liver cirrhosis, and renal dialysis, have been deemed independent determinants in perioperative complications and mortality ([@B8],[@B17],[@B19],[@B20],[@B24]--[@B26]). By using a propensity score-matched pair model to reduce influences from these confounders, we have validated that diabetes is an important independent determinant for perioperative adverse events in patients undergoing noncardiac surgeries.

Whether diabetes is an independent determinant of increased short-term (30-day) postoperative complications in noncardiac surgery was unclear ([@B6]--[@B11]). The present study indicates that diabetes predisposes patients to infectious and noninfectious postoperative complications. The findings are the first in our knowledge to indicate that diabetes increases the risk of acute renal failure in patients undergoing noncardiac surgeries ([@B8]--[@B11]) and are similar to those of a recent epidemiological, longitudinal follow-up investigation that suggested a 2.5-fold risk of acute renal failure for patients with diabetes ([@B30]). Hyperglycemia-associated endothelial dysfunction ([@B31]), impaired wound healing ([@B32]), postoperative sepsis ([@B33]), and cerebral ischemia ([@B34]) in combination with superimposed surgical stress in noncardiac surgeries could substantially contribute to the increased risk of postoperative complications. In addition, the prolonged length of hospital and ICU stays resulting from the increased risk of postoperative complications might consequently elevate hospital expenditures. However, this assumption should be validated in future prospective randomized trials.

Although Cook et al. ([@B10]) reported similar findings in patients with diabetes undergoing cervical fusion, they relied only on administrative ICD-9-CM coding to define uncontrolled diabetes and did not consider coexisting medical conditions as potential confounders in their analysis. The current study identified uncontrolled diabetes on the basis of ICD-9-CM coding. In addition, to reduce confounding from such coexisting medical conditions as hypertension, mental disorders, ischemic heart disease, COPD, renal dialysis, stroke, hyperlipidemia, and liver cirrhosis ([@B24]--[@B29],[@B33]), we adjusted for these covariates in the propensity score-matched models and then controlled for these factors through multivariate logistic regression. We found that uncontrolled diabetes and diabetes-related comorbidities increase postoperative 30-day mortality after various noncardiac surgeries, and these findings were similar to those in cardiac surgeries ([@B13]). However, whether intensive glycemic control in the noncardiac surgery postoperative period could reduce the risk of short-term mortality still needs to be elucidated.

In this study, type 1 diabetes had a greater influence on postoperative 30-day mortality than type 2 diabetes; this comparison is unprecedented. Cook et al. ([@B10]) reported that type 1 diabetes was associated with a higher mortality rate than type 2 diabetes in patients who underwent cervical fusion. Patients with type 1 diabetes mostly started from their younger stage when compared with those with type 2 diabetes ([@B35]). Expected longer exposure to the hyperglycemic environment predisposing to the occurrence of more severe macro- and microangiopathy-related complications could partially account for the present results. However, this hypothesis needs to be tested in future studies.

Previous studies indicated that diabetic patients with coexisting mental disorders were at increased long-term mortality compared with those without; this finding could be partially attributed to poor diabetes control in those with coexisting mental disorders ([@B36]). History of liver cirrhosis, renal dialysis, ischemic heart disease, stroke, COPD, or hypertension per se was proven to be independently associated with higher risks of postoperative mortality in noncardiac surgeries ([@B24]--[@B29]). However, whether a greater impact on postoperative short-term mortality exists in patients with diabetes and these comorbid conditions is still unresolved. The present study provides evidence that coexisting liver cirrhosis or renal dialysis in combination with diabetes has a much higher impact on postoperative 30-day mortality than diabetes only. With these results, medical resources should be appropriately allocated to patients with diabetes and coexisting medical conditions when they undergo noncardiac surgeries.

This study had several limitations. First, records from reimbursement claims for postoperative complications, comorbidities, and coexisting medical conditions might be underreported in clinical practice. However, these data should be distributed equally between both groups without causing bias in the results. This study focused on 30-day postoperative short-term mortality, which is less likely to be underreported. Second, severity of diabetes was defined by the registered diagnosis codes, not by laboratory data, such as fasting glucose level. Third, detailed information on sociodemographic factors, dietary habits, and lifestyles was not available in the National Health Insurance Research Database for this study to validate the association of these factors with postoperative adverse outcomes ([@B8],[@B17]--[@B20]). Fourth, to strictly identify patients with diabetes, we enrolled only those who experienced hospitalization and outpatient care for diabetes within 24 months before the index surgery. Therefore, data interpretation should be made carefully; the findings from this study might only be suitable for patients with significant diabetes. Although the surgical patients without diabetes were those who had no medical visits with an ICD-9-CM code (250) for diabetes within 24 months before the index surgery, some mild or borderline diabetes may have existed in this group. In this way, the influence of diabetes on postoperative outcomes may be underestimated.

In conclusion, we precisely describe that diabetes is an important independent risk factor in increased postoperative complications, 30-day mortality, length of hospital stay, and medical expenditures in patients undergoing noncardiac surgeries. Uncontrolled diabetes, coexisting medical conditions, and diabetes-related comorbidities all contribute to increased postoperative 30-day mortality. This study provides a comprehensive perioperative assessment and enhances the understanding of the complex issues of care for patients with diabetes who undergo noncardiac surgery.
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